weakness (7) . In this context, materials and restorative techniques may reinforce the remaining tooth structure. Adhesive restorative materials, mainly composite resins, have been used in the restoration and rehabilitation of root-filled teeth (10) . Prefabricated posts may be used to restore severely destroyed teeth and those subjected to the bleaching process (11, 12) .
However, the most indicated restorative procedure to recover the resistance of teeth subjected to endodontic treatment and to the action of bleaching agents is not well established. This in vitro study evaluated the fracture strength of teeth subjected to internal bleaching with 38% HP and restored with different procedures.
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Fifty maxillary incisors stored in 0.1% thymol solution at 4°C were selected. All teeth had straight roots, completely formed apexes, single canals, and no calcification or resorption, as confirmed radiographically. Forty teeth were used in the experimental groups and 10 teeth were not treated to be used as gold standard (control).
The 40 teeth in the experimental groups were subjected to endodontic treatment. After pulp chamber access, the working length was determined by subtracting 1 mm from the root length using a #10 K-file (Maillefer, Ballaigues, Switzerland). Instrumentation was performed with K3 instruments (SybronEndo, Glendora, CA, USA). During this process, root canals were irrigated with 2 mL of 1% sodium hypochlorite between each file, followed by final irrigation with EDTA for 5 min. Irrigation was subsequently done with 10 mL of distilled water, and the canals were dried with absorbent paper points (DentsplyHerpo, Petrópolis, RJ, Brazil). The root canals were filled by thermomechanical condensation of gutta-percha points (Tanari, Manacapuru, AM, Brazil) and AH Plus cement (Dentsply DeTrey, Konstanz, Germany) with McSpadden instruments (Moyco Union Broach, York, PA, USA). Radiographs were taken to verify the quality of the obturation and teeth were stored at 37 °C for 72 h.
The endodontically treated teeth were distributed into 4 groups (n=10) according to the bleaching treatment and restorative procedure: G1-restored with composite resin, G2-bleached with HP and restored with composite resin, G3-restored with composite resin and fiberglass posts and G4-bleached with HP and restored composite resin and fiberglass posts.
The bleached teeth (G2 and G4) received a glass ionomer cement (MaxxionR; FGM, Dentscare Ltda, Joinville, SC, Brazil) 3-mm-thick cervical barrier at the cementoenamel junction. Teeth were stored at 37°C for 45 min to allow complete setting of the glass ionomer cement. They were then embedded in autopolymerizing acrylic resin (JET; Clássico Produtos Odontológicos Ltda., São Paulo, SP, Brazil) up to the cementoenamel junction, using a metallic rectangular matrix.
In G2 and G4, the bleaching procedure was performed with 38% HP (Opalescence Xtra Boost; Ultradent Products Inc., South Jordan, UT, USA), activated by the LED-laser system (Brightness; Kondortech, São Carlos, SP, Brazil). The gel was applied to the buccal surface and in the pulp chamber followed by a 45 s application of light on both surfaces, followed by 5-min interval and reapplication of light (9) . The gel was aspirated and surfaces were irrigated with 1% sodium hypochlorite. This procedure was repeated 3 times in each session. Between sessions, teeth were stored for 7 days in artificial saliva at room temperature. Specimens (control and experimental groups) were temporarily sealed with white gutta-percha (DFL, Rio de Janeiro, RJ, Brazil) and non-eugenol temporary filling material (Coltosol; Vigodent, Rio de Janeiro, RJ, Brazil) before being placed in saliva. After bleaching, teeth from all groups were stored in artificial saliva at 37ºC for 14 days.
Thereafter, teeth from G1 and G2 had the temporary seal and the cervical barrier removed with a diamond bur (Microdont Ltda, Socorro, SP, Brazil). The cavities were washed, dried with compressed air, etched with 37% phosphoric acid (3M ESPE, St. Paul, MN, USA) for 15 s, washed with compressed water and dried with absorbent points. Single Bond adhesive system (3M ESPE) was applied according to the manufacturer's instructions and light activated for 10 s on the buccal surface and 10 s on the palatal face. The restorations were made at 3 mm below the cementoenamel junction with composite resin (Filtek Z250; 3M ESPE). The increments were light activated for 20 s and the last layer was light activated for 40 s.
Teeth from G3 and G4 received reinforcement with intraradicular fiberglass posts Reforpost and Reforpin (Exacto; Ângelus, Londrina, PR, Brazil) and composite resin (Filtek Z250). The post spaces were prepared by removing 10 mm of gutta-percha with a heated plugger, retaining at least 5 mm of root filling at the apical level. The canal walls were prepared with a Largo bur # 1 at low speed. The selected posts were cleaned with 70% alcohol and received a layer of silane (Ângelus) whose excess was removed with compressed air for 5 s.
Root canals were washed with distilled water and dried with absorbent points. The adhesive system was applied into the canal and air-thinned for 10 s. The Reforpost posts were cemented with a resin sealer (Rely X; 3M ESPE) prepared according to the manufacturer's instructions. The sealer was inserted into the canal using a Lentulo bur # 40 (Maillefer) and applied to the post surface. Then, the post was inserted into the canal in a single movement. Similarly, the Reforpin posts were placed inside the canal to fill the space. Sealer excess was removed and the material was light activated with a halogen lamp (Ultralux electronic; Dabi Atlante, Ribeirão Preto, SP, Brazil) for 30 s at each tooth face. After cementation, the remaining post length was cut and the final restoration of the palatal region was done with composite resin.
The specimens were subjected to the fracture strength test using a universal testing machine (Instron 4444; Instron Corp, Canton, MA, USA) 24 h after the restorative procedure. A device was used to standardize the position of the specimens, so that pressure could be applied at a 135° angle with the long axis of the root. An increasing load was applied on the palatal surface of the tooth (3.0 mm from the incisal region) with a rectangular round-tipped metal point. A crosshead speed of 1 mm/min was applied until tooth fracture occurred. The moment of fracture was determined by a sudden decrease in force measurements in the testing machine.
Data were evaluated by ANOVA and TukeyKramer multiple-comparison test. All statistical procedures were performed using Graph Instat software (GraphPad Software Inc., San Diego, CA, USA) at a significance level of 5%.
rESuLtS
Means and standard deviation of strength (kN) in each group are presented in Table 1 . The ANOVA revealed significant difference (p<0.05) among the groups. The untreated teeth (gold standard) showed the highest (p<0.05) fracture strength, while teeth restored with composite resin without internal bleaching (G1) showed the lowest (p<0.05) fracture strength. Teeth bleached and restored with composite resin (G2) , restored with composite resin + posts without internal bleaching (G3) and, bleached and restored with composite resin + posts (G4) (0.33 ± 0.12) had intermediate values, sometimes similar to the group with the highest value, sometimes similar to the group with the lowest value.
The failure modes observed after the mechanical test are listed in Table 2 . Overall, there was a predominance of radicular fracture in all groups.
dIScuSSIon
In this study, the alignment of the specimens in the test machine was a critical point. The load cell was applied at a 135° incidence angle, which is an approximate value of the inter-incisal angle formed between maxillary and mandibular incisors. However, variations of this angle have been reported in the literature (13) . The methodology of the present study also used a rectangular round tip load for better distribution of the force along the dental crown (9, 14) .
It has been demonstrated that the application of HP on enamel and dentin decreases their microhardness (3) and modulus of elasticity (4) . HP at high concentration also produces morphological alterations in the dental surface (6) , affect the intertubular and peritubular dentin (5) and causes structural alterations to the hydroxyapatite due to the ionic bonds that weaken its structure (15) .
However, the findings of the present study Table 1 . Means and standard deviation of strength (kN) required to fracture the teeth in each group. showed that the bleaching treatment with 38% HP did not affect the fracture strength of the teeth. These results corroborate those of previous studies (8, 14, 15) that evaluated the fracture strength of bleached teeth and verified that bleaching agents did not alter this property. On the other hand, Khoroushi et al. (16) verified that the fracture strength of endodontically treated teeth decreases after bleaching with different protocols of HP. Another important consideration that might explain the results is related with the methodology. In the present study, the teeth were subjected only to two bleaching sections with a 7-day interval between them, as reported elsewhere (9) . An increase in the number of bleaching sessions can increase the fracture strength.
Experimental groups
The loss of tooth substance resulting from endodontic treatment might reduce the fracture strength of teeth (11, 17) . However, in this study, the results obtained for most root-filled teeth were similar to those of the untreated teeth (gold standard). Therefore, it cannot be assumed that endodontic treatment, combined or not with internal bleaching, weakens the tooth structure.
Composite resin is an adequate material for the reconstruction of weakened teeth due to their inherent characteristics, such as lower degree of polymerization shrinkage, higher hardness, greater resistance to wear and compression (10, 11) . The results of this study showed that teeth restored with composite resin and fiberglass posts had the same performance of those restored only with composite resin. According to Pontius and Hutter (17) , endodontically treated teeth with adequate dentin thickness can be restored only with composite resin.
A previous study (12) showed that posts did not increase the fracture strength of teeth, but they improved the retention of the filling material in the remaining tooth structure. Another study (18) verified that fiber posts combined with composite resin increased tooth resistance to fracture, but those authors used weakenedroots, unlike the present study that tested fracture strength in teeth with crown, and hence had more dental structure.
Regarding the failure mode, there was a higher incidence of radicular fractures, which are considered unfavorable due to implications that can compromise tooth integrity. However, it should be noted that in the untreated group (gold standard), the unfavorable fractures (coronoradicular and radicular) occurred in 70% of samples. This result is probably derived from the in vitro methodology.
It is important to emphasize that the mineral loss of a bleached surface can be reduced by the use of lowconcentration fluoride solution (19) or sodium ascorbate (16) between bleaching sessions. Further investigations are required to determine the fracture strength of teeth subjected to different bleaching procedures followed by fluoride treatment.
The findings of the present study and the researchbased evidence discussed indicate that bleaching of non-vital teeth can be considered as a viable procedure if safe clinical protocols are established. Additionally, it seems suitable to state that teeth subjected to internal bleaching can be restored with composite resin alone, as the use of posts in these teeth did not increase their resistance. Caution should be taken when using bleaching agents with high HP concentration for a long period.
rESuMo
Este estudo avaliou a resistência à fratura de dentes submetidos ao clareamento interno restaurados com diferentes procedimentos. Quarenta incisivos superiores foram tratados endodonticamente e divididos em 4 grupos (n = 10): G1-restaurados com resina composta (RC), G2-clareados com peróxido de hidrogênio (PH) e restaurados com o RC, G3-restaurado com RC e pinos de fibra de vidro (RC + pinos) e G4-clareados e restaurados com RC + pinos. O PH foi aplicado na superfície vestibular e câmara pulpar 3 vezes por sessão, por 2 sessões com intervalo de 7 dias entre elas. Dez dentes hígidos adicionais foram submetidos a teste fratura (padrão ouro). A resistência à fratura (kN) foi determinada em máquina Instron. Os dados foram analisados por Análise de Variânica e teste de Tukey-Krammer (α= 0,05). Os dentes não tratados (padrão ouro) apresentaram a maior resistência à fratura (0,43 ± 0,16) (p <0,05). Os dentes restaurados com RC (G1) apresentaram a menor resistência à fratura (0,23 ± 0,11) (p <0,05). Os dentes clareados e restaurados com RC (G2) (0,26 ± 0,10), restaurado com RC + pinos (G3) (0,31 ± 0,17) e os clareados e restaurados com RC + pinos (G4) (0,33 ± 0,12) apresentaram valores intermediários, ora semelhantes ao do grupo com o maior valor, ora similares ao grupo de valores mais baixos. Pode-se concluir que os dentes submetidos ao clareamento interno podem ser restaurados com apenas resina composta.
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